Introduction
============

Prostate carcinoma is one of the most frequently diagnosed malignancies in men worldwide ([@b1-ol-0-0-10419]). As a heavy burden on public health, prostate carcinoma has an unacceptably high mortality rate ([@b2-ol-0-0-10419]). Patients with prostate carcinoma are mostly treated with androgen ablation therapies; although there is a high rate of initial response, emergence of castration-resistant prostate carcinoma in 10--20% of patients, results in failure of treatment ([@b3-ol-0-0-10419]). Prostate cancer affects 1 in 9 men during their lifetime and \<30% of patients with prostate cancer with evidence of metastasis will live longer than 5 years in cases ([@b2-ol-0-0-10419],[@b3-ol-0-0-10419]). In addition, early stages of prostate carcinoma lack do not exhibit any noticeable symptoms and the majority of present are diagnosed with tumor metastasis, which makes surgical intervention, a radical treatment for solid tumors, unsuitable ([@b4-ol-0-0-10419],[@b5-ol-0-0-10419]).

Non-coding RNAs (ncRNAs) are involved in many physiological and pathological processes ([@b6-ol-0-0-10419],[@b7-ol-0-0-10419]). ncRNAs are divided into subgroups based on their length and functions; long ncRNAs (lncRNAs) are ncRNAs \>200 nucleotides ([@b8-ol-0-0-10419]). A growing body of literature has shown that lncRNAs participate in cancer biology through their interactions with multiple signaling molecules ([@b8-ol-0-0-10419]--[@b10-ol-0-0-10419]), including microRNAs (miRNAs), which is another subgroup of ncRNAs ([@b11-ol-0-0-10419]). miR-145 and lncRNA growth arrest specific 5 (GAS5) serve a role as tumor suppressor in prostate carcinoma ([@b12-ol-0-0-10419],[@b13-ol-0-0-10419]). Mir-145 and GAS5 negatively regulate cancer progression and are downregulated in prostate carcinoma ([@b12-ol-0-0-10419],[@b13-ol-0-0-10419]). The results of the present study provided further evidence that miR-145 and lncRNA GAS5 may function in prostate carcinoma and demonstrated that miR-145 may inhibit cell proliferation and induce apoptosis in human prostate carcinoma possibly by upregulating lncRNA GAS5.

Materials and methods
=====================

### Tissue samples and cell culture

Tumor tissue and adjacent healthy tissue samples were collected from 62 patients with prostate carcinoma who were admitted to Ruijin Hospital, Shanghai Jiaotong University (Shanghai, China) between January 2010 and January 2013. Patients were aged between 38 and 70 years (mean, 51.2±5.3 years). Inclusion criteria: i) Patients diagnosed by pathological examinations in Ruijin Hospital, Shanghai Jiaotong University; ii) patients with complete medical records treated at Ruijin Hospital, Shanghai Jiaotong University; iii) patients who participated in the 5-year follow-up after discharge; iv) patients willing to participate. Exclusion criteria: i) Patients diagnosed with other diseases; ii) patients who were transferred to other hospitals during treatment; iii) patients who died from other causes during the follow-up period. There were 12 cases in stage I, 14 cases in stage II, 18 cases in stage III and 18 cases in stage IV. The study was approved by the Ethics Committee of Ruijin Hospital, Shanghai Jiaotong University. All participants signed informed consent before admission.

The 22Rv1 human prostate carcinoma cell line was used in this study. Cells were obtained from American Type Culture Collection (ATCC; Manassas, VA, USA) and cultured in DMEM containing 10% fetal bovine serum (cat. no. 30-2020; ATCC) at 37°C in a 5% CO~2~ incubator with 98% humidity.

### Follow-up study

Following discharge, all patients were followed-up monthly for 5 years and overall survival was recorded. Three patients who died from other causes were not included; a total of 57 patients completed the follow-up.

### Reverse transcription-quantitative PCR (RT-qPCR)

To detect the expression levels of miR-145, miRNAs were extracted from 0.1 g of tissue specimen from each sample and 1×10^5^ cells using miRNeasy Mini kit (Qiagen, Inc., Valencia, CA, USA), and PCR reaction systems were prepared using TaqMan MicroRNA Reverse Transcription kit (Thermo Fisher Scientific, Inc., Waltham, MA, USA). To detect the expression levels of lncRNA GAS5, total RNAs were extracted from 0.1 g of tissue specimen from each sample and 1×10^5^ cells using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.), reverse transcription was performed using MMLV Reverse Transcriptase 1st-Strand cDNA Synthesis kit (Lucigen Corporation, Middleton, WI, USA), and SYBR^®^ Green Real-Time PCR Master Mix (Thermo Fisher Scientific, Inc.) was used to prepare qPCR reaction systems. The thermocycling conditions were 95°C for 55 sec, followed by 40 cycles of 95°C for 25 sec and 55.5°C for 30 sec. Primers for miR-145, lncRNA GAS5 and endogenous controls U6 and β-actin were designed and synthesized by Sangon Biotech Co., Ltd. (Shanghai, China). Primer sequences were: miR-145 forward, 5′-CAGTGCGTGTCGTGGAGT-3′ and reverse, 5′-AGGTCCAGTTTTCCCAGG-3′; U6 forward, 5′-CGCTTCACGAATTTGCGTGTCA-3′ and reverse, 5′-GCTTCGGCAGCACATATACTAAAAT-3′; GAS5 forward, 5′-CACACAGGCATTAGACAGA-3′ and reverse, 5′-GCTCCACACAGTGTAGTCA-3′; β-actin forward, 5′-GACCTCTATGCCAACACAG-3′ and reverse, 5′-AGTACTTGCGCTCAGGAGGA-3′. Expression of miR-145 was normalized to U6 and expression of lncRNA GAS5 was normalized to β-actin using the 2^−ΔΔCq^ method ([@b14-ol-0-0-10419]).

### Cell transfection

lncRNA GAS5 pcDNA3.1 expression vector and siRNA (5′-GCAGAACCATAAAGATGGTCCA-3′) were designed and constructed by Sangon Biotech Co., Ltd. Empty vectors and negative control (NC) siRNA (5′-TTCTCCGAACGTGTCACGTTT-3′) were also provided by Sangon Biotech Co., Ltd. MISSION^®^ microRNA mimic hsa-miR-145 and scrambled NC miRNAs were obtained from Sigma-Aldrich (Merck KGaA, Darmstadt, Germany). Cell transfections were performed using Lipofectamine^®^ 2000 reagent (Thermo Fisher Scientific, Inc.) at 37°C with vectors, siRNAs and miRNAs at doses of 10, 40 and 40 nM, respectively. Cells were incubated with the transfection mixtures for 6 h. Cells treated with Lipofectamine^®^ 2000 reagent only were used as untreated control cells. Cells transfected with empty vectors, NC siRNAs, or scrambled NC miRNAs were used as transfection controls. The thresholds for successful transfections were 200% for lncRNA GAS5 and miR-145 overexpression and 50% for lncRNA GAS5 knockdown. Further experiments were performed 24 h post-transfection.

### Cell Counting Kit-8 (CCK-8) assay

Cell proliferation was detected using CCK-8 assay (Dojindo Molecular Technologies, Inc., Kumamoto, Japan). Cell suspensions (5×10^4^ cells/ml) were cultivated in a 96-well plate (0.1 ml/well) under normal conditions (37°C; 5% CO~2~), and 15 µl CCK-8 solution (Dojindo Molecular Technologies, Inc.) was added into each well at 24, 48, 72 and 96 h. Cells were incubated with CCK-8 solution for 4 h. Optical density values at 450 nm were measured using a plate reader to determine cell proliferation rate.

### Apoptosis assay

Apoptosis was detected using cell a apoptosis assay. Serum-free DMEM was used to prepare cell suspensions (5×10^4^ cells/ml). Cells were transferred to a 6-well plate (10 ml/well), cultivated for 60 h, and cell digestion with 0.25% trypsin was performed. Annexin V-FITC (Dojindo, Kumamoto, Japan) and propidium iodide (PI) staining was performed at room temperature for 30 min in the dark, and then flow cytometry was performed using BD Biosciences 2 Laser 4 Color FacsCalibur Flow Cytometer (BD Biosciences, Franklin Lakes, NJ, USA) to detect apoptotic cells. Data were analyzed using BD Paint-A-Gate™ Pro Software (BD Biosciences).

### Statistical analysis

All experiments were performed in triplicate and data are presented as the mean ± standard deviation. Comparisons of lncRNA GAS5 and miR-145 expression between tumors and adjacent healthy tissues were performed using Student\'s paired t-test. Comparisons among multiple groups were performed by one-way analysis of variance followed by Fisher\'s Least Significant Difference post hoc test. Correlation analyses between the expression levels of lncRNA GAS5 and miR-145 were performed using Pearson\'s correlation coefficient. Patients were divided into high (n=32) and low (n=30) lncRNA GAS5 expression groups, as well as high (n=28) and low (n=34) miR-145 expression groups according to Youden\'s index. Association analyses between GAS5 and miR-145 expression in tumor tissue and patients\' clinicopathological data were performed by χ^2^ test. Kaplan-Meier method was used to plot survival curves, which were compared using logrank test. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### lncRNA GAS5 and miR-145 expression levels are downregulated in tumor tissues compared with adjacent healthy tissues in patients with prostate carcinoma

Expression levels of lncRNA GAS5 and miR-145 in 62 tumor tissues and adjacent healthy tissues were detected by RT-qPCR. Compared with adjacent healthy tissues, expression of lncRNA GAS5 ([Fig. 1A](#f1-ol-0-0-10419){ref-type="fig"}) and miR-145 ([Fig. 1B](#f1-ol-0-0-10419){ref-type="fig"}) were significantly downregulated in tumor tissues (P\<0.05).

### lncRNA GAS5 and miR-145 expression levels are positively correlated in tumor tissues

Correlation between the expression levels of lncRNA GAS5 and miR-145 was detected using Pearson\'s correlation coefficient. Expression levels of miR-145 and lncRNA GAS5 were positively and significantly correlated in tumor tissues ([Fig. 2A](#f2-ol-0-0-10419){ref-type="fig"}). By contrast, no relationship was observed between lncRNA GAS5 and miR-145 expression levels in adjacent tissues ([Fig. 2B](#f2-ol-0-0-10419){ref-type="fig"}).

### Low miR-145 and lncRNA GAS5 expression levels are associated with poor survival

Patients were divided into high (n=32) and low (n=30) lncRNA GAS5 (cutoff value=1.58), as well as high (n=28) and low (n=34) miR-145 (cutoff value=1.64) expression groups according Youden\'s index. χ^2^ test revealed no significant association between expression levels of lncRNA GAS5 ([Table I](#tI-ol-0-0-10419){ref-type="table"}) and miR-145 ([Table II](#tII-ol-0-0-10419){ref-type="table"}) in tumor tissues and patient age or clinical stage. Kaplan-Meier method was used to plot survival curves, which were compared using logrank test. Patients in the low miR-145 ([Fig. 3A](#f3-ol-0-0-10419){ref-type="fig"}) and low lncRNA GAS5 ([Fig. 3B](#f3-ol-0-0-10419){ref-type="fig"}) groups exhibited significantly lower overall survival rates compared with patients in the high miR-145 and high lncRNA GAS5 groups (P=0.021).

### Overexpression of miR-145 results in upregulated lncRNA GAS5

The significant and positive correlation between miR-145 and lncRNA GAS5 indicated a possible interaction between them. Overexpression experiments were performed in 22Rv1 prostate cancer cells to further investigate the interactions between miR-145 and lncRNA GAS5. Compared with control and NC groups, overexpression of miR-145 led to upregulated lncRNA GAS5 (P\<0.05; [Fig. 4A](#f4-ol-0-0-10419){ref-type="fig"}). By contrast, lncRNA GAS5 overexpression (P\>0.05; [Fig. 4B](#f4-ol-0-0-10419){ref-type="fig"}) and siRNA silencing (P\>0.05; [Fig. 4C](#f4-ol-0-0-10419){ref-type="fig"}) caused no significant changes in expression levels of miR-145.

### Overexpression of miR-145 inhibits cell proliferation and promotes apoptosis through lncRNA GAS5

Compared with control and NC groups, overexpression of miR-145 and lncRNA GAS5 led to significantly inhibited proliferation ([Fig. 5A](#f5-ol-0-0-10419){ref-type="fig"}) and increased apoptosis ([Fig. 5B](#f5-ol-0-0-10419){ref-type="fig"}) of 22Rv1 prostate cancer cells (P\<0.05). lncRNA GAS5 knockdown attenuated the effects of miR-145 overexpression of cell proliferation ([Fig. 5A](#f5-ol-0-0-10419){ref-type="fig"}) and apoptosis ([Fig. 5B and C](#f5-ol-0-0-10419){ref-type="fig"}) (P\<0.05).

Discussion
==========

miR-145 and lncRNA GAS5 have exhibit similar functions in regulating the behaviours of cancerous cells during the development of prostate carcinoma ([@b12-ol-0-0-10419],[@b13-ol-0-0-10419]); however, no studies examining a potential interaction have been published, to the best of our knowledge. The present study provided further evidence to support the role of miR-145 and lncRNA GAS5 as tumor suppressors in prostate carcinoma. The results also revealed that miR-145 inhibited cell proliferation and induced apoptosis in human prostate carcinoma possibly by upregulating lncRNA GAS5.

The interaction between lncRNAs and miRNAs are frequently reported in the development of human cancers. For example, during the development of hepatocellular cancer, miR-29a inhibits lncRNA maternally expressed 3 expression through promoter hypermethylation ([@b15-ol-0-0-10419]); miRNA-218-5p is negatively regulated by lncRNA colon cancer-associated transcript 1 to promote gallbladder cancer development ([@b16-ol-0-0-10419]). The present study focused on miR-145 and lncRNA GAS5 since they have similar functions in inhibiting prostate carcinoma ([@b12-ol-0-0-10419],[@b13-ol-0-0-10419]). The results indicated that miR-145 may indirectly upregulate lncRNA GAS5 in prostate carcinoma cells. In a recent study, Xue *et al* demonstrated that lncRNA GAS5 targets miR-103 through the AKT serine/threonine kinase/mammalian target of rapamycin pathway to inhibit the progression of prostate carcinoma ([@b17-ol-0-0-10419]). Therefore, miRNAs may be upstream and downstream of lncRNA GAS5 to participate in the development of prostate carcinoma.

The present study failed to elucidate the molecular mechanism of the regulation of lncRNA GAS5 by miR-145 in prostate carcinoma cells. It has been reported that Notch-1 negatively regulates lncRNA GAS5 to promote breast cancer cell proliferation ([@b18-ol-0-0-10419]). In addition, miRNA-145 targets Notch signaling to induce apoptosis in glioma cells ([@b19-ol-0-0-10419]). However, no significant changes in expression levels of Notch-1 are observed after miRNA-145 overexpression (data not shown), which suggests that Notch-1 is unlikely the mediator between miRNA-145 and lncRNA GAS5 in prostate carcinoma. Notably, the present study demonstrated that expression levels of miR-145 and lncRNA GAS5 were positively and significantly correlated in tumor tissues, but not in adjacent healthy tissues. It is hypothesized that one of the existing prostate carcinoma-related factors may mediate the interactions between lncRNA GAS5 and miR-145; however, future studies are required to identify these factors.

The present study failed to perform the knockdown of miR-145 due to a technical problem. This experiment needs to be performed in future studies to further validate the conclusions of the present study. More cell lines also need to be used to analyze the effects of different expression levels of lncRNA GAS5 on cancer cell behaviors.

In conclusion, miR-145 and lncRNA GAS5 may function as tumor suppressors in prostate carcinoma. miR-145 may inhibit cell proliferation and induce apoptosis in human prostate carcinoma by upregulating lncRNA GAS5.
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![Expression levels of lncRNA GAS5 and miR-145 are downregulated in tumor tissues compared with adjacent healthy tissues of patients with prostate carcinoma. (A and B) Compared with adjacent healthy tissues, expression of (A) lncRNA GAS5 and (B) miR-145 were significantly downregulated in tumor tissues. \*P\<0.05. lncRNA GAS5, long non-coding RNA growth arrest specific 5; miR-145, microRNA-145.](ol-18-02-1043-g00){#f1-ol-0-0-10419}

![Expression levels of miR-145 and lncRNA GAS5 are correlated in tumor tissues. (A and B) Expression levels of miR-145 and lncRNA GAS5 were positively and significantly correlated in (A) tumor tissues, but not in (B) adjacent healthy tissues. lncRNA GAS5, long non-coding RNA growth arrest specific 5; miR-145, microRNA-145.](ol-18-02-1043-g01){#f2-ol-0-0-10419}

![Low expression levels of miR-145 and lncRNA GAS5 are associated with poor survival. (A and B) Patients with low expression levels of (A) miR-145 and (B) lncRNA GAS5 exhibited lower survival rates compared with patients with high miR-145 and lncRNA GAS5 expression levels, respectively. lncRNA GAS5, long non-coding RNA growth arrest specific 5; miR-145, microRNA-145.](ol-18-02-1043-g02){#f3-ol-0-0-10419}

![Overexpression of miR-145 results in upregulated lncRNA GAS5. (A) Overexpression of miR-145 led to upregulated lncRNA GAS5 in 22Rv1 prostate cancer cells. (B) lncRNA GAS5 overexpression and (C) siRNA silencing induced no significant changes in expression levels of miR-145. \*P\<0.05. C, untransfected control; lncRNA GAS5, long non-coding RNA growth arrest specific 5; miR-145, microRNA-145; NC, negative control.](ol-18-02-1043-g03){#f4-ol-0-0-10419}

![Overexpression of miR-145 inhibits cell proliferation and promotes cell apoptosis through lncRNA GAS5. (A and B) Overexpression of miR-145 and lncRNA GAS5 led to (A) significantly inhibited proliferation and (B) increased apoptosis of 22Rv1 prostate cancer cells. lncRNA GAS5 knockdown attenuated the effects of miR-145 overexpression on (A) cell proliferation and (B) apoptosis. (C) Representative images of apoptosis assay results. \*P\<0.05. C, untransfected control; lncRNA GAS5, long non-coding RNA growth arrest specific 5; miR-145, microRNA-145; NC, negative control.](ol-18-02-1043-g04){#f5-ol-0-0-10419}

###### 

Association between lncRNA GAS5 expression levels in tumor tissue and patient clinicopathological characteristics.

                     Expression               
  ------------- ---- ------------ ---- ------ ------
  Age (years)                          0.59   0.44
    \>50        30   17           13          
    ≤50         32   15           17          
  Stage                                0.78   0.85
    I           12   7            5           
    II          14   8            6           
    III         18   8            10          
    IV          18   9            9           

lncRNA GAS5, long non-coding RNA growth arrest specific 5.

###### 

Association between miR-145 expression levels in tumor tissue and patient clinicopathological data.

                     Expression               
  ------------- ---- ------------ ---- ------ ------
  Age (years)                          1.56   0.21
    \>50        30   16           14          
    ≤50         32   12           20          
  Stage                                1.16   0.76
    I           12   5            7           
    II          14   6            8           
    III         18   10           8           
    IV          18   7            11          

miR-145, microRNA-145.
